Background: Falls are a common mechanism of injury in the older population, putting an
Introduction
Falls and fall-related injuries are a major public health issue among older adults worldwide. [1] [2] [3] [4] Approximately one third of people aged 65 years and older fall at least once each year, and one sixth fall recurrently. 5 Many factors have been associated with an increased risk of falls, such as medication, co-morbidity, decreased mobility, female gender, and age. [5] [6] [7] Older persons are at an increased risk for serious injuries even after a minimal trauma, such as a fall, due to underlying medical conditions like osteoporosis. Approximately a third of older fallers sustain fall-related injuries, which require medical treatment. 8 Due to the large burden of injurious falls, fall incidents put a high [8] [9] [10] [11] and increasing (1) demand on healthcare resources.
Populations worldwide are aging. 12 The Netherlands, a country with 16.5 million people, is facing the challenge of an aging population as well. The population of persons aged ≥65 years is expected to increase from 15% (2.4 million persons) in 2008 to 25% (4.5 million persons) around 2040. 13 With an increasing population of older people, it might be expected that falls and the related healthcare consumption will grow accordingly. This could lead to an overburdening of the healthcare system due to scarcity of resources. In order to optimize healthcare policy and allocation in ageing populations, data on healthcare use and related costs are needed. The Netherlands is an ideal country to collect such data due to compulsory national health insurance and the availability of administrative databases with wide coverage.
The aim of this study was to determine healthcare use and costs due to falls in the older Dutch population. Costs were specified for gender, age, nature of injury, and type of resource use.
Methods
A previously developed incidence based model, the Dutch Burden of Injury Model, was used to describe healthcare consumption and costs resulting due to injuries occurring during a specified period. 14 In this model, patient numbers, healthcare consumption, and related costs are calculated, specified by location and nature of injury. 15 (Table 2 ). Approximately a sixth of the patients were treated and released after Emergency Department attendance. Half of all patients were referred to an outpatient clinic or to General Practitioner, and a one third of the patients were admitted to hospital after Emergency Department attendance.
Overall, the mean costs per fall were €9,370, and were higher for women (€9,990) than for men (€7,510) as shown in Table 2 . Furthermore, the costs per fall increased with age ( Figure 1 ). In women, the costs per fall increased from €3,830 in individuals aged 65-69 years old to over €13,000 per case in females aged 85 years and older. For men, the mean costs per case increased from €3,990 (65-69 year) to €11,470 (aged ≥85 years).
Injury groups representing the majority of fall-related healthcare costs are shown in Table 3 . Hip and femoral fractures were most expensive (approximately €22,000 per case)
followed by pelvic fractures (€14,000) and skull/brain injuries (€6,600). However, other injuries such as superficial injuries also resulted in high healthcare costs due to their frequent occurrence. Fractures accounted for 80% (€540 million) of the total fall-related expenses. Hip fractures made the largest contribution (€292 million) to fall-related healthcare costs, because of the high incidence rate combined with high costs per case.
Healthcare costs are skewly distributed, with admitted patients in hospital and nursing homes accounting for approximately two-third of costs in all age-groups. Nursing home care accounted for 33.8% of total costs, followed by in-hospital treatment (31.6%) and long term care at home (20.2%). However, a shift in healthcare costs was seen for the different agegroups ( Table 4 ). The costs of long term care at home and in nursing homes showed the largest age-related increases and together accounted for 54% of the fall-related costs in older people. Direct treatment costs, such as Emergency Department visits and ambulance transport costs were relatively higher in the younger age-groups, compared with the oldest old. In the oldest old, the costs of nursing home care were most substantial. For example, the average costs of fall-related injuries in admitted women aged 80 year and older were €21,000 per case, with €11,130 per case resulting from 43 days on average spent in a nursing home after injury. More than half of the fall-related healthcare expenses were due to long term care at home and in nursing homes.
Discussion
A major strength of the present study is that it presents comprehensive estimates of healthcare costs, including all relevant healthcare sectors for all fall-related injuries. Because a uniform coding method has been used to estimate the costs, it was possible to compare the healthcare use and related healthcare costs of all types of fall-related injuries. Registries with national coverage were used to analyze the healthcare resources that are most important for injuries, such as hospital inpatient care, medical procedures, rehabilitation clinics, and care in nursing homes and long-term care at home.
14 A possible limitation is that only patients were included who presented at an Emergency Department. The total number of fall-related injuries will be higher, due to the fact that patients who were fully treated by their General Practitioner were not included in this study. Furthermore, in case of multiple injuries, the primary injury in LIS was determined by application of an algorithm giving priority to spinal cord injury, skull/brain injury, lower extremity injury above injuries in other body parts, and to fractures above other types of injury to determine the most serious injury. However, this may only have caused a slight underestimation of the total fall-related costs, since the majority of healthcare costs were related to in-hospital care, admission to nursing homes and long term care at home. For fallrelated injuries such as permanent brain injury, spinal cord injury, and injuries involving joint damage this is relevant. However, the majority of injury related healthcare use and needs has been shown to occur in the first year post-injury. 20 Falls in older adults contributed to a significant amount of injury-related healthcare expenses, which is seen in other western countries as well. 21 From an economic perspective falls are a more serious public health problem in older adults than other common diseases. For example, in another Dutch study the national budget spent on falls exceeded those of diabetes or heart failure for persons aged ≥65 years. 16 Studies from the United Kingdom 10 , United The current study shows the breakdown of fall-related healthcare costs by age, gender, and type of healthcare resources. The high incidence rate of injurious falls combined with the high costs per fall resulted in an overrepresentation in the fall-related healthcare expenses of persons aged 80 and over, and women in this age group in particular. The higher healthcare costs in older women might potentially be explained by two mechanisms. First, the higher costs per fall-related injury could be due to differences in injury patterns between men and women. 1, 3, 23, 24 Females present more often with a hip fracture than males, and consequently a larger proportion of hip fractures in women contributes to higher average costs per fall. 1, 23 Furthermore, due to differences in life expectancy, many older women live alone after surviving their partner. As a consequence, they are often dependent on rehabilitation care in nursing homes and long term home care, even in cases of less severe injury.
Over the last decades the number of fall-related hospitalizations is increasing rapidly, based upon an increasing number of older adults, as well as an increasing life expectancy. 13, 25 Therefore, it might be expected that the number of falls, related injuries and related healthcare costs will largely increase in the future. The results of the current study show that fall-related healthcare costs result in a substantial part of total healthcare costs, which is not only based on costs of acute medical care, but also on long term healthcare costs.
Implementation of programs to prevent falls and/or fractures are needed, not only in order to limit the number of falls and fractures, but also to reduce the required healthcare demand and related costs, and to improve the quality of life for the individual patient. Multiple strategies for prevention have been developed and several prevention programs have already been
shown to be effective. 26 Implementation of some of those effective interventions has the potential to contribute to a reduction of fall-related healthcare consumption in the near future.
In conclusion, the success of aging of populations is accompanied by the presence of age-related consequences such as an increased fall-and fracture-risk, and the use of required healthcare resources. In order to control for the economic burden of fall-related healthcare costs the number of falls and related injuries should be reduced. Multiple prevention strategies have been developed over the last decades and time for implementation has arrived. 
